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Aims. The aim of this work is to identify and study spectral features in the quasar 3C 273 usually blended by its strong jet emission. 
^ Methods. A historic minimum in the sub-millimetre emission of 3C 273 triggered coordinated multi-wavelength observations in June 2004. 
. . X-ray observations from the INTEGRAL, XMM-Newton and RXTE satellites are complemented by ground-based optical, infrared, millimetre 
^ and radio observations. The overall spectrum is used to model the infrared and X-ray spectral components. 

Results. Three thermal dust emission components are identified in the infrared. The dust emission on scales from 1 pc to several kpc is 
I^N comparable to that of other quasars, as expected by AGN unification schemes. The observed weakness of the X-ray emission supports the 

hypothesis of a synchrotron self-Compton origin for the jet component. There is a clear soft-excess and we find evidence for a very broad iron 

line which could be emitted in a disk around a Kerr black hole. Other signatures of a Seyfert-like X-ray component are not detected. 
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1. Introduction 

The bright quasar 3C273 at a redshift of z = 0.1 58 is one of 
the best observed active galactic nuclei (AGN) (see'CourvoisieJ 
for a review). It is the subject of both lon gterm monitor- 
ing to study its variability ( iTiirler et alJll999t and references 
therein) and coordinated multi-wavelength campaigns to de- 
rive its single epoch spectral energy distrib ution (SED) (e.g. 
iLichti et alJl995Uvon Montignv et alJl997l) . 

3C 273 has both a big blue bump with broad emission lines 
typical for Seyfert galaxies and a strongly beamed jet emis- 
sion typical for blazars. A very low jet emission is required 
to study thermal infrared emission and its more Seyfert-like 
properti es in the X-rays. Th is occurred in March 1986 and 
allowed iRobson et al.l (Il986l) to identify a new near-infrared 
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spectral component. An even better opportunity arose in early 
2004, when the sub-millimetre (sub-mm) flux of 3C 273 was 
observed to be almost twice lower than in 1986 (see Fig.dJ. 



This absolute minimum triggered an INTEGRAL target 
of opportunity (TOO) observation in June 2004 to study the 
hard X-ray emission in such a low jet-emission state. Quasi- 
simultaneous optical and infrared observations were performed 
at La Silla using director's discretionary time (DDT 273. B- 
5031) in order to study the thermal infrared components. The 
data set is further complemented by contemporaneous X-ray 
data obtained by XMM-Newton and RXTE, as well as by ra- 
dio and millimetre measurements from several ground stations. 
The full dataset is described below and photometric data are 
hsted in Tabled 
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Table 1. Photometric observations of 3C 273 in June 2004. 



Observatory 


Date 


Spectral band 




±AFy 


EfFelsberg 


Jun 


24 


1.40 GHz 


50.65 


± 1.01 Jy 


EfFelsberg 


Jun 


07 


1.66 GHz 


49.64 


+ 0.99 Jy 


UMRAO 


Jun 


27 


4.80 GHz 


34.10 


+ 0.35 Jy 


UMRAO 


Jun 


27 


8.00 GHz 


27.91 


±0.36 Jy 


UMRAO 


Jun 


24 


14.5 GHz 


20.93 


± 0. 14 Jy 


Metsahovi 


Jun 


26 


36.8 GHz 


12.31 


± 0.62 Jy 


IRAM 


Jun 


17 


3.0 mm 


7.80 


± 0.08 Jy 


IRAM 


Jun 


17 


2.0 mm 


5.33 


±0.37 Jy 


IRAM 


Jun 


17 


1.3 mm 


3.90 


±0.31 Jy 


JCMI/SCUdA' 


Mar 


19 


850//m 


2.40 


±0.12 Jy 


j.o m/ 1 iiviiviiz 


Jun 


30 


V^l IS' l<5.c5 jUm 


314± 


31.4 mJy 


J . D m/ 1 iiviiviiz 


Jun 


19 


XT/TtI 1 T Q ,,™ 
IN ^ fllU 


259 ± 


25.9 mJy 


J.KJ III/ 1 iiviiviiz 


Jun 


19 




272 ± 


27.2 mJy 


j.yj ill/ 1 iiviiviiz 


Jun 


19 




285 ± 


28.5 mJy 


3 (Sm/TTMMT7 


Jun 


19 


NO Q S iim 


225 ± 


22.5 mJy 


3.6m/TIMMI2 


Jun 


19 


L (3.6y[im) 


114 ± 


11.4mJy 


NTT/SOFI 


Jun 


19 


Ks (2.16//m) 


86.35 ± 


0.51 mJy 


NTT/SOFI 


Jun 


19 


H(1.65;um) 


49.56 ± 


0.43 mJy 


NTT/SOFI 


Jun 


19 


J(1.25yum) 


36.92 ± 


0.26 mJy 


NTT/EMMI 


Jun 


19 


4200-9700 A 


Spectrum^ 


XMM/OM 


Jun 


30 


V (5430 A) 


28.85 ± 


0.03 mJy 


XMM/OM 


Jun 


30 


B (4340 A) 


31.69± 


0.02 mJy 


XMM/OM 


Jun 


30 


U (3440 A) 


28.89 ± 


0.02 mJy 


XMM/OM 


Jun 


30 


UVWl (29 10 A) 


24.97 ± 


0.02 mJy 


XMM/OM 


Jun 


30 


UVM2(2310A) 


21.18± 


0.04 mJy 


XMM/OM 


Jun 


30 


UVW2 (2120 A) 


20.75 ± 


0.06 mJy 



t Instrument unavailable during the June campaign. The measurement 
of March is used instead based on similar IRAM 1 mm fluxes in 
March and June. 

■•■Available from 3C273's Database: http://isdc.unige.ch/3c273/ , 



2. Data 

INTEGRAL observed 3C 273 during revolution 207 on 23-24 
June 2004. 51 pointings of ~ 1800 ksec were taken in 5 x5 
dithering mode leading to an effective exposure of 67 ksec. The 
data from the IBIS/ISGRI instrument have been analysed in a 
standard way with the latest version of the off-line scientific 
analysis package (OSA 5.1). There are no data from the spec- 
trometer SPI, because the instrument was in annealing mode 
during the observation. The JEM-X data are consistent with 
the RXTEfPCA data, but are not shown here because of lower 
signal-to-noise. 

XMM-Newton made a 20 ksec long calibration observation 
of 3C 273 in rev. 835 on 30 June 2004. The data from the EPIC 
camera were processed with the latest version of the scientific 
analysis software (SAS 6.5.0) and the most up-to-date calibra- 
tion files. Because of problems with pile-up, the central cores 
(radii of 7 arcsec) were excluded when extracting the spectra. 
For the sake of conciseness we only show here the PN data. 
We however checked that the MOS 1 and 2 data are compatible 
with our results. Optical and ultraviolet fluxes were obtained 
with the optical monitor (OM) of XMM-Newton following the 
instructions of the SAS Watchout page^ and using the values 




http://xmm.esac.esa.int/sas/documentation/watchout/uvflux.shtml 



1985 1990 1995 2000 2005 

Date [ year ] 

Fig. 1. The longterm sub-mm lightcurve of 3C 273 at 0.85 mm 
from the JCMT ( Robson et al- 2001, with recent unpublished 
data). Fluxes taken before 1997 at 0.8 mm were scaled as- 
suming a V ' dependence. Dotted lines indicate four particular 
epochs: The strong flare of March 1983 (not fully shown), the 
low state of March 1986, the ISO observation of July 1996 and 
the very low state of June 2004 presented here. 



provided for an AGN spectral type. RXTE also observed 3C 
273 for 1.3 ksec on 23 June 2004 as part of a long-term moni- 
toring program started in 2001 . The data of the PC A instrument 
have been analysed in the standard way. 

Optical, near- and mid-infrared observations of 3C273 
were taken on 19 June 2004 at La Silla, Chile. An optical spec- 
trum was obtained with the EMMI spectrograph at the New 
Technology Telescope (NTT) using Grism#2. The spectrum 
with an exposure of 300 sec was flux-calibrated with a spectro- 
photometric standard star. This observation was immediately 
followed by measurements in the J, H and Ks bands with the 
SOFI instrument on the NTT. The magnitudes were calibrated 
using three photometric standard stars a nd converted to flu x 
with the zero-magnitude fluxes used by iTiirler et"al] ( Il999l) . 
Additional mid-infrared observations in various L, N and Q 
bands were performed with TIMMI2 on the 3.6 m telescope 
at La Silla. The L and N band data have been calibrated us- 
ing the standard star HD 133774 with similar airmass of 1.1 
observed a few hours after 3C273, while the Q band flux was 
derived with two standard stars (HD 110458 and HD 169916) 
with airmasses bracketing that of 3C 273. We estimate the flux 
uncertainties to be about 10 % in these L, N and Q bands. 

The sub-mm observation at 850 jum that triggered this ob- 
servation campaign was obtained by the SCUBA instrument on 
the James Clerk Maxwell T elescope (JCMT) as part of a long 
term monitoring program jRobson et alJ bOoH) (see Fig. 
3C273 is also regularly observed in the millimetre range 
with the 30 m antenna of the Institut de Radio Astronomie 
Millimetrique (IRAM) on Pico Veleta, Spain. The data of 
17 June used here are of good quality with a column of 5- 
8 mm of H2O, but the calibration on the planet Mars is a bit 
uncertain at 1.3 mm. The observations at 37 GHz were per- 
formed with the 1 3.7m diameter antenna of the Metsahovi 
radio observatory (" Teraesranta et al.l Il998h . Additional mea- 
surements at 4.8, 8.0 and 14.5 GHz were taken by the 26 m 
paraboloid of the University of Michigan Radio Astronomy 
Observato ry (UMRAO) as part of a long-term monitoring 
program (lAUer et al] Il985l) . Finally, the lOOm-antenna at 
Effelsberg, Germany routinely measured 3C273 at 1.40 and 
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Fig. 2. Spectral energy distribution of 3C273 in June 2004 
complemented by ISO low state mid- and far-infrared obser- 
vations of July 1996. The labeled data are compared to the av- 
erage flux (grey Une) and the l-c r variability range (grey area) 
based on historic data of 3C 273 (Tiirler et al. 1999). The spec- 
tra during the extrem e flare of 1983 (Robson et al. 1983) and 
flie low state of 1986 dRobson et alJl986l) are also shown. 

Table 2. Best fit values for the temperature T [ K ] and source 
radius r [ pc ] of the three dust emission components assum- 
ing two diff'erent values for the dust emissivity index j3 and the 
wavelength Ar=i - cjvj^x [;um] at which the optical depth is 1. 





p 










7^3 


'■3 




10 


1.5 


45.8 


1.49 10^ 


297 


11.4 


1620 


0.43 


0.80 


10 


2.0 


38.9 


3.60 10^ 


272 


14.4 


1618 


0.43 


0.88 


1 


1.5 


45.0 


8.40 lO"* 


285 


58.1 


1304 


1.33 


0.74 


1 


2.0 


39.9 


3.26 10-* 


258 


133 


1201 


1.92 


0.89 



1.66 GHz rseelPen ^ et al]l2000l for details) during the VLBI- 
calibration runs of June 2004. 

3. Results 

The overall SED of 3C273 (Figs. El and E} shows that the in- 
frared and X-ray emission were also in a very low state in June 
2004, while the optical and ultraviolet blue bump emission was 
rather above average values. We focus here on the infrared and 
X-ray spectral ranges, as they are the most affected by the low 
jet emission of this campaign. The possible link with the blue 
bump will be discussed by Chernyakova et al. (in prep.). 

3.1. Thermal emission 

To study the complete thermal emission of 3C 273 up to the 
far infrared, we included the ISO observations taken on 15 July 
1996 ( Haas et al. 2003), when the source was also in a very low 
sub-mm state (see Fig.Q. With the addition of those data there 
is a broad infrared excess above the synchrotron emission ex- 
trapolated from the millimetre range with a simple powerlaw 
of the form F°'°^ oc v^^*_. (see Fig. E^). The bumpy shape of 
the excess and the sharp cut-off at 2 //m does not suggest a sec- 
ond synchrotron component, but favours thermal dust emission. 
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Fig. 3. Detailed views (with same symbols) of the SED shown 
in Fig. El for a) the millimetre-to-optical range and b) the X- 
ray domain. The best model for the infrared emission (solid 
line) is the sum of a synchrotron powerlaw (short dashed line) 
and three dust emission components (dotted lines, assuming 
Aj^i - 10/im and /3 - 1.5). X-ray data are corrected for 
galactic absorption based on a double-powerlaw model (long 
dashed lines). The inset plot (c) shows the ratio of the XMM- 
NewtonfPN data and the model with the profile (pink area) of 
a likely broad iron Ka line emitted at quasar rest frame ener- 
gies between 6.40 ke V for Fe i and 6.97 keV for Fe xxvi (dotted 
lines). 

We therefore model the excess with three isothermal grey -body 
components, for which the observed flux dens ity F°^^ at the 
redshifted frequency Vobs is (jPolletta et alJ2000l) : 

i^v''(Vobs) = (1 +z) (1 -e-0 Br(vem, 7^) , (1) 

where r is the radius of the projected source, Dl is the luminos- 
ity distance, Ty is the optical depth of the dust and B™(ve,n, T) 
is the emitted Planck function for a blackbody of temperature 
T. Dl is calculated with the redshift z and assuming a Hubble 
constant of //q = 70kms ' Mpc"' and a deceleration parameter 
^0 = 0. The optical depth Ty-{vsm/vr=i'f depends on v^^i, the 
frequency for which Ty-l and on /3, the dust emissivity index. 

Table El lists the best fit values for T and r derived for two 
diff'erent values of At=i - c/vt=i and The reduced being 
below one for all fits, the exact values of At=i and /3 cannot 
be determined. The synchrotron emission model has a slope of 
a ^0.8 and a normalization of 6.9 Jy at 100 GHz for all fits. We 
note that the physical size r of the emission components is in- 
creasing when assuming optically thin dust emission up to the 
near-infrared (/lr=i - 1 //m). The highest value of 33 kpc would 
imply the presence of dust heated to 40 K throughout the host 
galaxy, which is not very realistic. Other values of temperature 
and radius are in good agreement with those derived for var- 
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lous quasars jPoUetta et aDl2000l) and therefore give support 
to the unification scheme of AGN. The dust mass is re- 
lated to the radius of the source by: = n k^^^Aj^i / Ao'f , 
where kq is the dust opacity at A q. Using the tradit ional value of 
Ko = 10cm7g at A{) = 250 jum llHildebrandll983h . we obtain a 
total dust mass in the 2.6-3.1 10^ M© range for all fits, which is 
an order of magnitude below that derived by H aas et aL L2003) 
based on the luminosity from 1 /im to 1 mm. 

3.2. X-ray emission 

A good fit (x^^^ = 0.95) to the combined data from 
XMM-NewtonfPN, RXTEfPCA and INTEGRAL/lSGRl was ob- 
tained with a simple double-powerlaw model assuming a 
galactic hydrogen column density of A^h = 1.79 10^" cm"^ 
jPickev & Lockmanlll990l) and with free intercalibration fac- 
tors relative to XMM-Newton. INTEGRAL and RXTE fluxes 
are respectively 0.86 times lower and 1.27 times higher. The 
best fit powerlaws for the hard X-ray emission and the soft- 
excess component have photon indices of Fhard = 1.63 + 

0. 02 and Tsoft - 2.69 + 0.06 with a normalization at 1 keV 
of Ahard = 1-35 + 0.07 10-2 phcm-^s-ikeV-' and A^oft = 
5.87^y^4 10-''phcm~2 s~' keV"', respectively. The value for 
Thard is jus t slightly steeper than the typical value of ~1.5 
in 3C273 dCourvoisie J 1 1 998i) and Fsoft is also in very good 
agree ment with previous observations by ROSAT (Leach et al. 
Il995l) . 

The integrated model flux in the 2-lOkeV band is of 
6.70 10"" erg cm"2 s '. Such a low flux in 3C 2 73 was only 
measu red twice in the past, by Ginga in Jul y 1987 dTurner et alJ 
Il990l) and by BeppoSAX on 18 July 1996 ( iHaardt et al.ll998l) . 

1. e. at the time of the ISO observation coincident with a 
very low sub-mm flux (see Fig. [Q. The simultaneous occur- 
rence of low fluxes in the sub-mm and the X-rays supports 
a synchrotron self-Compton origin of the X -ray jet emission 
in 3C273, as suggested bv iMcHardv et alJ (0.999), who ob- 
served correlated X-ray and infrared variations. However, the 
weaker flux decrease relative to the average level in the X- 
rays than in the sub-mm (see Fig. |2j suggests the presence 
of an additional Seyfert-like X-ray component as identified by 
[Orandi & Palumbo (2004). We tried to add such a component 
with the same fixed model parameters, but this did not improve 
the fit, probably because of the relatively poor signal-to-noise 
ratio of the INTEGRAL data that do not allow the detection of 
a reflection hump. The two-powerlaw model used here shall 
therefore be considered rather phenomenological than physi- 
cal. 

Close inspection of the ratio between the data and the 
model reveals an excess in the firest = 2.5-7 keV band, where 
Exeat - Eobs (1 refers to the quasar rest frame energy (see 
Fig- Et)- This excess is significant at the 6-cr level with an 
integrated flux of 2.6 + 0.4 lO^'^phcm^^ s"' corresponding to 
a equivalent width (EW) of 166 + 26 eV. These values are 
rather high but con sistent with recent detections of a broad iron 
Kg line in 3C 273 (Yaaoob & Serlemitsosl2 000: Kat aoka et all 
l2002t IPage et alJ2004) '. The profile of the excess is neither sat- 
isfactorily fitted by a Gaussian line nor a line emitted in a rela- 



tivistic disk around a Schwarzschild black hole, as these models 
cannot account for its extent down to iSrest ~ 2.5 keV. If this ex- 
tent is real, the only remaining explanation is that it is emitted 
around a near-extreme Kerr black hole, for which the closer last 
stable orbit result s in an extreme grav itational redshift as illus- 
trated in Fig. 5 of 'Fabia n et a\\ t.()()Cf). Finally, the sharp edge 
of the iron line at 7 keV suggests that the angle between the nor- 
mal to the accretion disk and t he line of sight is o f ~ 35-40 ° 
according to the simulations of iTorres et alJ (l2003l) for neutral 
iron. Ionized iron would result in a smaller angle. 

4. Conclusion 

The SED of 3C 273 at a historic minimum of its synchrotron 
jet emission reveals new spectral features in the infrared and 
the X-rays. Dust emission is identified on sizes ranging from 
1 pc to several kpc with properties comparable to those of other 
quasars. The low X-ray flux supports the idea that part of the 
X-ray emission is of synchrotron self-Compton origin. There 
is likely an additional Seyfert-like component, but we do not 
detect it. We also find evidence for a very broad iron line — 
possibly emitted in a relativistic disk around a Kerr black hole 
— which could well have remained unnoticed with observa- 
tions not extending below 1 keV. 
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